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FOREWORD 

In connection with the strategic minerals investigations now being 
conducted by the Bureau of Mines, consideration was given to Leadville, 
Colo., as a possible source of manganese that might be mace available for 
use under circumstances of national emergency. It appeared, however, 
that because manv of the mines were shut down and flooded the information 
desired could not be obtained directly by sampling, A study of evidence 
afforded by maps and preduction records, considered in connection with 
geological reports, promised a more satisfactory, if not the only possible, 
appreach to the problem, 

The Mineral Industries Survey Section of the Mining Division was ac- 
cordingly directed to make the study desired, on behalf of the strategic 
Minerals investigations. As the report contains information that is 
likely to be of consiijerable interest to many, it is here presented as an 


information circular of the minocral industries survey series. 


CXAS. F. JACKSON, 
Chief Engineer, 
Mining Division. 
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Summary and Conclusions 


During the World War Leadville was an imoortant producer of manganese 
and manganiferous ores for the steel industry. Nornally, tho market for 
these ores is limited to the reqzirements of the local steel mill at 
Pueblo for low-grade ores used in mkiuz dSasic pig iron containing 1 to 2 
percent Mn'and splegcleison contuining 20 percent Mn, but during the war and 
a brief period of postwar rcadjustmor.t, a good deal of 25- to 4O-percent 
manganese ore was snipped to eastern stcel-manufacturing centers. 
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output ioe been, derived. “tt occurs sencra Ly as a casing or phen surround= 

ing bodies of lead or zinc cartonatec or sulfides. In the gone of oxidation, 
he iron aad manganese minerals are cuite thoroughly oxidizea, while in 

the sulfide zone thoy are found in the orm of manganosiderite. Al]. ship- 

ments have been oxidized material, 710 use having been found for manganosider- 

ite. 
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2,000 , O00 tons may ve ee Row mich of ae i waeoversbie is probler- 
atic teceuse of the mhysical condition of the mines. 


Rehabilitation of the mines is contingent upon greatly imoroved markets 
for lead and zinc that would offer ernouch inducement to justify undertaking 
the costly and speculative venture of unwatering and reopening long- 
abendoned and doubtless badly caved worxings in an area. noted for heavy 
ground. 


Commlete drainage by purpirg would cost close to a million dollars and 
would take 2 years. A proposed drainage tunnel, 38,000 feet in length 
including laterals, would drain the principal areas to a level below most 
productive horizons at a cost of 2 to 2=1/2 million dollars and would require 
a minimum of 2 to 3 years to complete. 


Recent activity has chown that resorves of mangeniferous iron ore con- 
taining 16 to 25 nercont Mn exist above water or are accessible with a 
moderate amount of pumping end that this ore can be mined to yiold a small 
profit at a net price, f.o.be mine, of $6 to $7 a ton. Given an assured 
market at a slightly higher price, it is believed that 100 tons a day of 
this grade of ore would be produced, Failing gencral reoncning of the 
mines due to other influcnces, it 1s doubtful whether mangancre output could 
be raised much above this figure. 
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.Attompts to find an econoric method of concentrating the menganese to 
a product satisfactory for the manufacture of ferromanganese so far nave 
deen unsuccessful. Investigations are continuing at Bureau of Mines 
laboratories. 


These ores doubtless would be amenatle to leaching for production of 
electrolytic manganese. The metal would be considecratly more costly than 
manganese in ferro at customary prices but might conceivably be cheaper 
than top wartime prices. To the lay mind it avpears technically feasible 
to suostitute metallic manganess for ferromanganese alloy in the open-hearth 
steel process. This is not gencrally conceded, but the possibility of such 
use &S an emergency measure should be investigated. 


Genesis anc Mode of Occurrence of Iron=Menganese Ores 
in Leadville District 


Emmons! first study of the Leadville district, undertaken shortly after 
he cstablishrcnt of the Geological Survey in 1879, revealed the goneral 
geologic foatures that controlled mineral deposition. The better understand= 
ing thus obtained of ore occurrence in the district aidea enormcusly in 
the search for ore bodies that hitherto had been more or less haphazard and 
often guided by crroneous conceptions. Subsequent obscrvations - over a 
45—ycar. period, by Government geologists ond engincers and feologists as- 
sociated with onerations of tho various mines - of nev evidence revealed as 
mine workings were extonded led to a very thorough, completc, and authorita~ 
tivo analysis of the complex geoloey of the district, reported ,in Profes- 
sional Paper 148 published by the Geological Survey in 1927.2 The con- 
clusions presented in this report regarding structural relationships and — 
deposition of orc by roplacsinent of wall rocks differ little in most es- 
scntials fron the fundamental concepts advanced by Emmons in Mcnogranh le, 
published in 1886. However, with regard to the genesis cf the ores, 
Emmons! original view, later modified, that they were deposited by hot 
meteoric waters at high pressure that derived their metallic content from 
porphyry masses was discarded. Conclusive evidence was revealed that the 
ores were of deep-seated origin, transported and deposited by magmatic waters 
rising along channels in the fractured and faulted sediments subsequent to 
the two periods of intrusive action that introducec. the white and gray 
porphyries, respectively. 


(c) Factors influencing distribution of canerane 


The ore deposits are found over a vertical range of about 900 feet in a 
series of Paleozoic quartzites, limestones, and shales that were laid down 
on a vre-Camorian complex of granite, schist, and gneiss to an azgregate 
thickness of about 1,500 feet. Although no longer found in Leadville there 
ls evidence in the surrounding country that some 8,500 feet of late 


Emmons, S. F., Irving, J. D., and Leughlir, G. F., Geology and Ore De- 
posits of the Leadville Mining District, Colorado: Geol. Survey Prof. 
Paper 148, 1927, 368 pp. 

4/ Work cited in footnote 3. 
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Carboniferous sediments once present have been removed by erosion. Thus, 
according to Loughlin ,2 the totel thickness of the strata at the end cf 
Cretaceous time rensed from 8,000 to 12,000 feet and intzusive sheets of 
porphyry of late Oretaceous or early Tertiary age increased tie thickness 
py 2,500 feet or more. 


Ore deposition occurrad after the norzhkyry intrusions and following a 
period of folding anc faulting that provided channels for motal-laden mag- 
matic waters. It is believed to have taken place under a cover of 10,000 
to 12,000 feet of rock. Risiug aricous solutions, impeded in their upward 
course by impervious norphyry sills and shele beds, snzeac. out into the 
soluble limestones undernzath tiess Durriers to form the extensive replace~ 
ment ore bodics frou which the ovlk of production has been derived. 


The ronlacement bodies commonly occur at certesin horizons or "contacts" 
controlled by tne porphyry sills or shale heds trat lie atove or within the 
blue or white limestonc. LDevosition in fault ane fissure veins lixewlse 
formcd important boilies of ore, particularly in the eastern part of the 
district, but enly the revlaccment er blanket deposits have becn 
slenificantly productive of maenganesc end manganiforous orcse 


An intrusion in tho stock boneath brocce Fill distinctly later then 
the rorrphyry sills is believed to bc .closely related te ore deposition and 
to mark Breece Hill as tho chief source fro. which minoralization proceeded. 
Extensive postemincral faultirg has taizen place an’ in some instances move- 
ment along these faults hos ccntinucd or been repeated at intervals until the 
present time. 


The processes of ore deposition postulated in Professional Paver 1hg, 
insofar as they relate to tho association of manzsanese with vodies of 
lead~zinc-silver cre in blenket ceposits, may be summarized very briefly 
as follows: Magmatic waters esceping from the magma resorvoir (presumaodly 
related to the Breece Hill stoc’x) along channels provided by numercus faults 
and fiscures were held back by impervious barriers of chale cr porphyry and 
sprecd out into the soludie limestone beds underneath then, renlacing the 
limestone with the minerals carried in solution. Manganosiderite evidently 
began to replace the limestone at a texperature too high for deposition of 
sulfides, but at a lower tcimmerature the sulfides were more stable and replace: 
mangenosiderite. The manganosiderite was transferred in solution to 
localities where it could again replace limestone around the margins of the 
sulfide orc bodios. | 


(b) Relation of iron-manzan 
and sulfides. 


ese bcdics to Cenesits of leac and zine carbonates 


This theory of cevositicn explains the very general occurrence of iron- 
manganese minerals more or less commletelr encasring dodies of lead or zinc 
ores. In thse zone of oxidation the mancanosiderite has been altered to 
oxides of iron and manganese, forming the extensive bodies of manganese 


Work cited in footnote 3. 
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and manganiferous ores from which shipments to steel mills and smelters 
have been drawn. Manganosiderite so closely resembles limestone in ap- 
pearance that it was not recognized for many years. When finally identified 
and its relation to sulfide bodies understood, its presence was considered 
to be indicative of an ore body near by. 


(c) Influence of Tucson Meid fault 


The deposition of jron-manganese minerals in relatively high concentra- 
tion surrounding bodies of lead-zine ores is particularly anparent in the 
Tron Hill, Carbonate Hill, Fryer Hill and Downtown areas. Intense mineraliza- 
tion there appears to emanate from the Tucson Maid fault zone, which is 
thought to have provided the chief trunk channels for access of the mineraliz- 
ing solutions to this western region relatively remote from the center of 
Mineralization. 


Silica in the mineralizing solutions reacted in much the seme waz as 
the iron-man7zsnese carbonates but tended to react at greater distances from 
the trunk channels. lLouzhli noted casings of jasveroid rather than 
manganosiderite surrounding the sulfide bodies at points distant from the 
Tv.cson Maid fault zone in the Iron Hill-Garbonate Hill~Dovntown sections, 
and concluded that manganese orcs would tend to become lower grade anc more 
siliceous as distance from the feuit increased. 


Production of Menganese and Manganiferous Ores 


The shipment of lron-manganese fluxing ores from Leadville to western 
smelters was first notcd in Mineral Rosources of the United States for 1885, 
but no record of actual shipments was made until 1889. From 1886 to 1888, 
inclusive, the tonnage of fluxing ore shippec was cstimated by the 
Geological Survey to ‘iave averaged 60,C00 tons per year. Shipments of 
metallurgical ore first wore noted in 1839. 


(2) Total recorded production to date 


Total estimated and recorded shipments oF metallurgical and fluxing 
ores from 18386 to 1939 are shown in the following table. 


6) Work cited in foctnote 3. 
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Mctaliurs 
Year Grace, j Quantivy, 
percent Mn! long tons 
natural 
1880-85 ~ ~ 
188¢ ~ 2,075 
1590 - 6,357 
18%: ~ cGy 
1E°4q 25~38 2,942 
139 30 5,796 
1854 25 7,022 
1894 28 13,464 
18549 22-35 9,072 
185 27-31 10,539 
1298 18-33 18,043 
185 16—_4.3 29,555 
190Q 18-45 43 303 
190 16-30 62,385 
1904 «18-32 13,275 
190 ~ 14 e5 
1904, 15-32 17 ,C74 
1909 14-41 5 £37 


1907} 20-25 Li 694 
1908 22-26 15,973 
1909 = 12,905 
1910 - ~ 
191 a as 
1912 - - 
191 s 
191 21. 2,100 
191 20-3) 15,956 
1916 2. 90 , 600 
1917} 10-32 104,115 
1912 163 ,£55 
191 26-59 22 ,eel 
1920] 19- 1 1829 
1921} 20-41 i 
1S22 - - 
192 12~38 20 , 626 
192 13-38 25,270 
1925] 17-38 5,89 
1926} 1822 2,925 
1927| 19-35 26,623 
1928} 21-23 12,516 
1929 21 17,770 
1930} 20-2 19,720 
1931 2 3,82 
1932-35 ; 
1936 17 8,923 
1937 18 11,326 
1938 
1939 1 16 
Total.. - | 936,024 
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(v) Influence of price and fluctuating requirements of smelters and steel 
plants on disposition of mangrnifercus ores 


In considering the manganiferous ores of Leadville no sharp distinction 
cen be made between metal2ursgical ores and fluxing ores. The two classes 
overlap widelz, and it avpears from the record that the cestination of a 
Given shinment was likely to be determined or the relative needs at that 
varticuiar time of the smelters and steel ploents within the shipping radius 
of the mines. 


In general, ore containing over 20 percent manganese and low in silver 
usually has brought a vetier price from the steel mills and with less than 
e0 nercent manganese, high iron, and 5 ounces or more silver, it has been 
worth more as flux. However, shipments to smelters have run as hizh as 4Oo 
percent and to steel mills as low 1s 15 percent manganese. 


(c) Character of ores. 


Combined iron and manganese in these orcs, mostly in the form of oxides, 
ranges from NO to 55 percent and silica from 6 to 20 percent or more; thoy 
may carry froma fraction of an ounce to es much as 10 ounces of silver per 
ton. Five ounces or more is likely to tip the scales in favor of selling 
to the smelter. Phospiorus is low, generally less than 0.10 percent, 
but vhere may be ecnougn zine to give trouble in the blast furnnce. 


fd) Smelter schedules. 


Schedules in effect tn 1915 for metallurgical and fluxing ores applied 
to a fairly typical cO-percent iin ore illustrate now an ore of this grade 
under tne conditions then prevailing might be sold for either use, and 
slisht variaticns in its compenerts might determine the more profitable 
marxet. 


The 1915 schedule of the Colorado Fuel & Iron Co. for metallurgical 
ore was as follows: 


$2.75 per tor for 25% Mn, 25% Fe, 8% Si0,, 12% H50 


remiums — $0.08 per unit or Mn over 25 dry 
04 per unit of Fe over 25 arv 
Penalties ~ .02 per wnit of Mn uncer 25 dry 
ool. ver wnit of Fo under 25 dry 
093 ver unit of Sido over §& dry 

-95 per unit of Hed over le 


The Ameri¢an: Smelting & Refining Co. schedule for fluxing ore was as 
follows: 
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No treitment charge or peralties, 
Pay ~ 9°%4 cf the As at New York quotations 
$0.15 ner wit for excess over 40% of con- 


Assume an ove of the following analysis: 


3.75 oz. Ag, 20% Mr, 70% Fe, 6% Si0,, 10% H,0; silver at $0.50 an 
ounce (the average price in 1515). 

Anplying the Colorad») Fuel & Iron schedule, the net value of this ore 
would be $2.37 per ton, as follows: 


Flat rate per ton 2015 
Premiun -~ Fe, ©% at $0.04 + .20 
2095 

Penalties ~ ¥n, 5G at $0.08 $0.40 
H,0,6% at $6.03 _.18 - .59 
Net value ver fon ry | 


Under the American Smelting & Refinine schecule for flux the ore would 
net $2.38 per ton as follows: 


Silver ~ 3.75 x $0.95 ot $0.50 $1.73 
Fe - Mn excess = 20 (Mn) + 30 (Fe) 

$0.15 . 60 

Net value per ton 2.38 


Normally the market for these ores is purely local, and prices of- 
fered vary with the needs of local smelters ond the steel plent at Fueblo. 
Prodrction likewise is limited by the combined reaiirements of these two 
outlets. The averaze net value at the mines of ell recorded shipments of 
metallurgical ore from Leadville mines fron: 1699 to 1939 was $4.39 per ton. 
The lowest annral avcrage vas $2.30 in 1909 and the highest $15.20 in 1919, 
the latter rerlecting, the enlarged Cemund for domestic mingnnese ores during 
and immediately after the World War reriod. 


(6) Principal producing mines 


The following mines comprise the nrincinal groups from which menganese 
or manganiferous cres have been proluccd, 


Tron Hill-Rock Fill zroup 


Benton Cord Nisl Prius 

Bullseye Great O'Sullivan Tucson 

Crescent Grey Tele White Cap 
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Agassiz Greenback Pendery 
Aetna Henrietta Porter 
Bis Chief Hegeman Star Consolidated 
Castle View Haytrosser Star of the West 
Carbonate Modoc Seneca 
Catalpa Mahala Vanderbilt 
Evelyn Maid of Brin Wolftone 
Emmett Orion William Wallace 

Yankee Doodle 

Downtown group 
A. V. . = Coronado Star 
Alice Placer Home Extension Sixth Street 
Bohn Penrose 
Fryer Hill group 

All Right Dunkin Little Sliver 
A. M. Denver City Matchless 
Amie Fairview May Queen 
Buckeye Forepaugh McCormick 
Blonger Gambetta Pandora 
Bangkok Hope Quadrilateral 
Chrysolite Hibschle Result 
Climax Hazzard Robert E,. Lee 
Cady Barvard Noe lL Tip Top 
Capitol Northern Jason . Wolcott 
Cora Belle Little Chief 


All these mines are in the western half of the district, where most of 
the enormous replacement bodies of lead and ginc carbonates and sulfides are 
found at several horizons or "contacts" in the blue and white limestones. 
The following mines in the eastern half of the district likewise have re- 
ported shipments of manganese or manganiferous ores, but their total output 
is relatively unimportant. 


Mine Location 
Del Monte. Yankee Hill 
Highland Chief Breece Hill 
Luema Upper Evans Gulch 
Mammoth Yankee Hill 
Penn No. 1 Breece Hill 
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The extensive replacement ore bodies in the Leadville district are 
so irregular in shape, size, ani cistribation that they do not lend then- 
selves readily to systematic develonnent. Although it doubtless would have 
been possible in the more intensively minoralizod areas to have blocked ovt 
large tonnages of ore in advance of mining, it anpears that this seldom was 
done to any great extent. For many years ore was so plentiful that thers 
was little inducement to oxpend time ané cnergy or tie up capital in »Dlock- 
ing out reserves that would scrve no useful nurmose as long as there wero 
plenty of working faces from which to mino all the ore that could bo marketed 
or that the equipment could hendle,. 2scovez:y kept well ahoad of production, 
and the general practice soems to have been to procoed at once with the 
mining of an ore body from one or more points by means of open stopes, sup~ 
ported by cribs that cometimes reached phenomenal. proportions, and to 
follow the ore in all directions to its irregular boundaries. By this 
method, low costs were scnieved, and the ore bodies were so large that there 
was no shortage of ore until the mines approached exhaustion. Curtailment 
or suspension of operations at various times curing the active life of the 
camp was due to unfavorable markets, coupled with the growing cost of handling 
large volumes of water ct depth. 


(a) Mo measurable reserves 


The manganese and manganiferous ores were mined as required and 
justified by market conditions from areas adjacent to the old lead and zinc 
carbonate stopes. The acuncance end wide distribution of these ores are 
attested by tne large number of mines from which important shipments were 
recorded year after year, but the total output was relatively small in 
proportion to the total production of gold-silver-lead~zinc ores from the 
district. These facts, in conjunction with geologic evidence pointing to 
mangonese as one cf the major constituents of thc mineralizing fluids, sup- 
port the surmiso that the ratio of manzaniferous orc mined to tne total 
output of the camp is considerably less than the volumetric retio of man- 
ganiferous deposits to totcl mincral daposits in the district. Hence 
reserves of considerable proportions may be cenjoctured, but with mine work- 
ings now caved and inaccessible no enginecring dnta in support of these cor 
jectures ave obtainablo. Guesses by the ccnservetive minded are likely to 
full short of the truth, while those more optimistically inclined cen 
easily convince themselves that vast quantities remain to be mined. 


(b) Estimates of Umpleby, Furness, Dickerman, and others 


Estimates of reserves based upon such first-hand obscrvations and 
measurements as were possible at tho times of their visits, supplemented by 
information from reliable local sources, wera made by Umpleby/ in 1917 
and Furness8/ in 1927. 


Umpleby, J. B., Mineral Resources of the United States, 1919, p. 9 
&/ Notes by J. W. Furness in Bureau of Mines files. 
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Umpleby revorted reserves in 13 deposits examined totaling 700,000 
tons of 5 to 35 percent grade with 800,000 tons additional in prospect. 
Since this estimate was made (in August 1917) approximately 500,000 tons 
have been shipped, much of it from deposits not included in his estimate, 
which would leave a prospective reserve exceeding 1,000,000 tons. 


In 1927 furness estimated a total reserve in nine mines of 856,000 tons 
of 10- to 35=percent manganese ore. Since 1927, shipment of 87,466 tons 
has been reported, leaving approximately 770,090 tons to be minced. 


The Committce on Industrial Preparedness of the American Institute of 
Mining and Metallurgical Engineers in its report of January 29, 1924, to 
tho War Department ostimated reserves in Colorado of 150,000 to 250,000 tons 
of ferro-grade ore (35+ percent Mn) and 1,500,000 to 2,500,000 tons of 
spiegel and basic pig grades (5 to 35 percent Mn). Manganese occurs in 
small quantities at a number of points in the State, but virtually all in- 
portant reserves are in Leadville mines. This report was based upon in- 
formation compiled from many sources. 


Ezra Dickerman, who operated the Star Consolidated properties for many 
years ang was one of the largest shippers of manganese ores, is quoted by 
Furnes to have estimated Teadville reserves at 4,000,000 tons of 30 percent 
ore at the close of 1918, of which only about 2,000,000 tons could be re- 
covered owing to the condition of the mines. Since 1918 about 350,000 tons 
of manganese ore of all grades heve been shipped. 


Jesse F, McDonald was for many years in charge of operations for the 
Downtown Mines Co., which was formed about 1914 to consolidate holdings in 
the Downtown and lower Carbonate Hill area for the purpose of unwatering the 
mines of this section through the Penrose shaft. When unwatering was com- 
pleted in 1916 shipments of manganese ore from these mines began and was 
continued until, as McDonald expressed it to the author, they were "cut off 
at the pockets" when the armistice was signed in November 1918. They were 
then shipping 1,500 to 1,200 tons a month to Pueblo, Chicago, and Pittsburgh. 
McDonald states that, given a market and the water out of the mines, they 
could take up where they left off. He believes Dickerman's estimates of 
2,000,000 tons of recoverable ore te be conscrvative. Others familiar with 
the district, who were consulted, are in general agreement with this figure. 


The foregoing statemcnts relate to oxidized ores only and make no allow- 
ance for mangenosidcrite generally conceded to be present in its original 
state and in large quantity surrounding sulfide orc bodics below the limits — 
of oxidation. The indicate with a considerable degree of authority reserves 
of around 1,000,000 tons of ore containing 5 to 35 percent mangancse in a 
dozen of the more productive mines and the probability that another million 
tons may be found in the cxtensive arcas exploited by tae 79 producers listed 
above and many others not noted. 


(ce) Estimate derived from assumed relation between stoped areas and original 
volume of manganiferous ores. 


In an effort to find substantiating evidence such old one maps as were 
avallable in Leadville offices were studied with negative results. For the 
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most part the maps are incomplete, and none of those examined show unmined 
ore or indicate the class of ore mined from the stopes mapped. The most 
complete and graphic picture of the size and distribution of stopes in the 
blanket orebodies is presented in plate 45 of Geological Survey Professional 
Paper 148, painstakingly compiled from mine meps during a period of active 
operation. Eere, too, the picture is one of worked—-out stopes, and doubtless 
the records of many old workings were lost or unavailable whon this compila- 
tion was made, 


Maps and records available at this time provide no concrete cvidence 
of reserves of any of the various classes of ore that the mines have pro- 
duced in such abundance. Lacking any odetter method, it was thought that 
the recognized genctic relationship between the blanket deposits of silver- 
load-zinc ores and the iron~manganeso bodics, applicd to the stoped areas 
shown on plate 45, might givo some reasonable clue to the total original 
volume of manganiferous bodies from which some measure of the unmined portiszs 
could be gained, 


The manganese ’occurs as 4 casing surrounding lead~zinc replacement de- 
posits in the blue and white limestones. It is quite generally found in this 
relationship to ore bodies adjacent to the Tucson Maid fault zone, in the 
Iron—fock Hill area, Carbonate Hill-~Downtown area, and Freyer Hill area. 

It is found alongside and underneath the ore bodies but is less likely to 
occur in quantity above because the lead—zinc ore usually was deposited in 
contact with overlying impervious porphyry or shale. The manganese casing 
may be relatively thin but is likely to be of substantial thickness. It 
may become highly siliceous and finally give way to jasperoid at greater 
distances from the Tucson Maid fault. 


There is little definite information regarding the dimensions of 
Manganese ore bodies; hence, any general assumption is subject to a large 
percentage of error. Loughlinld/ states that such manganese stopes as he 
had an opportunity to exe ine were small and irregular compared with those 
' of other ores. Umpleby descrited a fairly homogeneous mass of ore 120 
feet thick in the Fairview or All Right No. 1. Its arcal extont had not 
been proved, out it had becn opened for a length of 200 fect and a width of 
75 feet, and at least three similar ore bodics had been found in that 
vicinity. Furness mentions thicknesses ranging from 8 to 75 feet. Many of 
the blanket orebodies were 50,40 60 feet thick, and at least one is 
described as 200 feet thick,i2 


The total area] extent of all replacement ore bodies in blue limestone 
shown on plate 4s i in the Carbonate Hill-Downtown, Adelaide, Fryer Hill, 
and Jron-Rock Hill groups is approximately €,900,000 sa. ft. If it is as- 
sumed that iron-manganese ore of varying thickness but equal areal extent 
underlies these bodies and that 1 ton of iron-manganese ore in place oc- 
cuples le cubic feet, then the quantity originally contained in these 


) 10/ Work cited in footnote 3, p. 222. 


11/ Umpleby, J. B., Min. and Sci. Press, Nov. 24, 1917, p. 758. 
12/ Work cited in footnote 3, p. 191. 
13/ Work cited in footnote 3. 
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deposits would be 740,000 tons per foot of thickness. If an average thick- 
ness of 10 feet is assumed the total would be 7,400,000 tons. Deducting 
recorded shipments of 3,500,900 tons leaves an indicated residue or reserve 
of 3,900,000 tons, of which a minor but indeterminate part would be 
mangnnosiderite of doubtful value, and part would be wnrecoverable because 
of the physical condition of the mines. 


The only useful purpose of this calculation is to envisage the tonnage 
possibilities of the area for comparison with the manganese ore reserves 
Claimed by the operators. Certain factors tend to place the calculation 
on the conservatives side, 


(1) Stopes mapped on plate 45 are as of 1922. Some older stopes 
doubtless are missing, and nearly 2,000,000 tons of ore have been mined 
since that date, extendinzs the stope areas 10 to 15 percent, 


(2) The average thickness of the iron-manganese casing surrounding 
zinc-lead bodies is generally stated to be 20 to 30 feet. Actual manganese 
stopes are reported ranging from 30 to 120 feet in height. 


(3) Areas measured are horizontal projections whereas virtually all 
iP oretodies parallel ths bedding of the tilted sedimeataries at dips of 
10" to 70°. 


(4) Manganese is found alongside as well as underneath the old stopes. 
This halo is not considered in the calculation, except insofar as manganese 
stopes are included in those mapped. 


The following tabulation of stoped areas in the blue limestone and 
equivalent tonnages indicates the relative intensity of minoralization in 
the various areas under consideration, 


Aggregate Horizontal @reas of Stopes in the Bluc Limestone 
in the Western Part of thc Leadville District . 


Area, sq. ft. - Wons-per ft. 
Carbonate Hill-Downtown: | 
Blue lime under white pormhyry 2,965,769 OUT LH] 
Blue lime under gray porphyry 1,043,200 86 933 334,080 
Adelaide: 21,120 1,760 1,760 


Fryer Hill-Poverty Flat: 
Blue lime under white porphyry 1,187,200 98,933 98,933 
Tron-Rock Hill: 


Blue lime under white porphyry 2 025, 680 168, 640 
Blue lime under gray porphyry 1,654 Loo 137,866 306 ,506 
8, 395,00 
Total (manganiferous ore in blue lime) per ft. thick 741,220 
If average thickness 10 ft., total original tonnage 7,412,800 
Total oxidized Fe-Mn ore shipped 3 B12 538 
. Residue : 3,900 ,262 
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In addition to the stopes included in the above calculation, those in 
the white limestone in the same areas total 748,800 square feet in horizontal 
section. Virtually all of these stopes are below the limits of oxidation, 
and the manganess associated with tnem may be assumed to be in large part 
unaltered manganosiderite, 


The white limestone was more thoroughly explored and more productive in 
the Iron Hill area than anywhere else, and the association of manganosiderite 
with lead~zginc sulfide bodies was observed and studied by Philiv Argall in 
the Tucson mineLt/, Samples at 10-root intervals in a crosscut from a stope 
on the rifth level showed that the limestone had becn completely replaced 
for 50 feet beyond the limits of the lead-vine ore by mangenosiderite con- 
taining 20 percent Mn and 21 vnercent Fe. wtenganosiderite is stated by 
Loughl.1 to occur in abundances in the Downtown, Fryer Hill, Carbonate 
Hill, and Iron Hill areas as well as in tne Ibex mine on Breece Hill and 
other Leadville mines. An ore mags 750,000 square feet in horizontal section 
and 30 feet thick would contain approximately 1,575,000 tons. 


(ad) Loughlin's estimate of possible reserves of lead-zinc ores in inadequate’: 
explored arcas geologically favorable 


Loughlin in his report! on the pronnsed deep drainage tunnel for the 
Leadville mining district cites various geologically favorable areas in 
woica the white limestone has not becn adecuately explored and by analogy 
with the productivity of similar arsas that have bcen exploited estimates 
a possible undiscovered reserve of 2,000,000 tons of sulfide ore. Further 
development in the white limestone likewise would expose bodies of man~ 
ganosiderite that misht azere.te several hundred thousand tons. It is 
logical to infer that total reserves of manganosiderite exceed 2,000,000 tons 
containing 14 to 20 vercent Mn. 


To summarize, it may be reasonably assumed that there are in the 
Leadville district 2,000,000 tons of oxidized manganese and manganiferous 
ores containing 10 to 35 percont Mn, and 2,000,000 tons of manganosiderite 
containing: 14 to 20 nercent Mn. Much of the oxide ore in caved areas ad- 
jacent to old caved stones would be difficult or expensive to recover. No 
commerclally feasible mothod has beon found for utilizing manganosiderite. 


otratecic Imvortence of Leadville Manganese 


(a) Circumstances of use and sunply. 


In order of importanc3, znanganzse renks first on the list of minerals 
designated as strategic by the Army and Navy Munitions Board because it is 
essential to the manufacture of steel - most important of wer materials - 
and because, even under the stimulus of war prices in 1913, domestic mines 
produced only 35 nercent of the manganese consumed, in the form of 
ferromanganese and sniefeleisen, by the steel industry. In 1937 steel 
production rose to 50,000,000 tons that required approximtely 325,000 tons 
of manganese metal in alloys in its manufacture. Over a million tons of ore 


14/ Work cited in footnote 3, pp. 152-153. 


15/ Work cited in footnote 3, p. 152. 
Te ouelin, G., F., Revort to Public Works Administration. 
t - 16- 
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of grades from which standard ferro and spiefel can be made are required © 

to supply this quantity or marganese, and much more would be needed if the 
lower grades available from domestic mines were used. If this country should 
become involved in another war, it is estimted that 60,000,000 tons of steel 
per year and nearly 400,000 tons of manganese metal would be required. 


(b) Normal market for Leadville ores 


Normally the marxet for Leadville manganese other than that used for 
rluxing 1s limitcd to the needs of the Colorado Fuel & Iron plant at Pueblo, 
part of which are supplied from New Mexico and other nearby sources. In the 
past this market has absorted 10,000 to 60,000 tons a year of 13- to 4O~per- 
cent ore. The lower grades are used to make manganiferous or basic pig for 
the basic open-hearth steel furnace, and the higher grades are converted to 
spieseleisen or lowegrade ferromanganese. 


(c) Utilisation of Lezdville ores during the World War shortago 


During the war years 1917 and 1918, Leacville produced over 100,000 tons 
a year of 20- to 4O-percont manganese ore, In addition to sunplying the 
local market, a larse tonnage was shipped to manufacturers of Ivrromanganese 
in eastern steel centers (Chicago, I111., Pittsburgh and Temls, Pa., and 
Birmingham, Ala.). Thus Leadville became one of the important sources from 
which high-cost sunplies of relatively low grade were drewn to supplement 
reduced imports of hish-grede manganese ore. 


These lower-grade ores were mixed with high-grade foreign ores to make 
a (O=percent ferro to :hich the furnace men had to become accustomed in lieu 
of the standard €0-percent ferro customarily employed in normal tines. 
Specifications for spicgeleisen lixcwice were lowered from 20 percent to 
16 vercent Mn, and the reletive cmployment of spiegel instead of ferro in- 
creased materially. 


In 1917 the Leadville mines were open and operating and could increase 
the output of manganese ore readily and promptly as needed. Today, the mines 
that were most vroductive of manganese are flooded, caved, and virtually 
abandoned. Production would te delayed ny the vast amount of preparation 
required and would be expensive, particularly if the operation were sustained 
for only a year or two. 


Ronefictation of Leadville Mangancse Ores 


Elimination of a large nart of the iron as well as the acid-insoluble 
constituents is essential to any worthwhile improvement in the grade of 
Leadville manganiferous ores, The iron and manganese minerals eppear not 
to be chemically comoined and night be exnecteld to be amenable to methods 
of mechanical concentratior. However, tests by the Burecu of Mines have 
indicated such close interlocking of fine-grained mangancse and iron minerals 
that there is no possibility of their physical separation. Otherwise the 
composition of the ore is such that magnotic separation following a reducig 
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roast would have naturally suggested itself as a means of preparing a product 
high in manganese and low in iron that would be satisfactory for the manu- 
facture of spiegeleisen or ferromanganese. 


Samples of both oxidized material and manganosiderite sent to Bureau 
stations are being studied by the Metallurgical Division to discover an 
economically feasible method of »heneficiating them. Results to date are 
negative but virtually eliminate the possiovility of mechanical separation 
of the iron and manganese minerals. 


Matte-smelting with copper sulfide to produce a copper~manganese matte 
that would be converted to metallic copper and manganese oxide slag is ro- 
ceiving further consideration. In tests made several years ago by Wartman, 
Potter, and Schmid at the Burcou of Mincs Tucson station, loss of manganese 
in the slag owing to solubility of manganese sulfide in silicate slags was 
very high. This led to the conclusion that "Tho use of a copper-bearing 
matte as a collector of mangancse would involve ,too great a waste of mangancse 
to be a satisfactory method of concontration"ZL/ Howovor, the current 
revival of intorest in domestic manganese may well justify re-examination of 
this method, which offers intriguing possibilities where suitable ores are 
avalilablo locally. 


The manganese doubtless can be leached from the Leadville ores and pre- 
cipitated in the form of pure manganese metal by the electrolytic process 
recently developed by the Bureau of Mines. It is understood that electrolytic 
manganese now being produced at the Knoxville plant of the Electro Manganese 
Corporation is being sold for around 4O cents a pound: however, this is a 
small experimental plant operating on a hitherto untried process and costs 
are bound to be abnormally high. The processcs emloyed are similar to 
those involved in the production of clectrolytic ginc, and abundant raw 
material is availablo of higher grade than the average zinc ore. It scems 
a fair assumption that a largo-scalo commercial operation eventually could 
produce eclectrolytic manganese at a cost comparable to that of electrolytic 
zinc or clectrolytic copper, in the range of 6 to 8 cents a pound, and that 
this metal could be delivered at steel centers for 10 cents or less. 
Normally, manganese in 80-percent ferro is delivered at steel plants at 
about 5 cents a pound. During the last war, 80-percent ferro rose to $290 
per ton or 16 cents per pound of contained manganese. 


Although it has not been tricd and stcel metallurgists are reluctant 
to concede its feasibility, the »nurpose and method of use of ferromanganese 
in steel manufacture suggest to the lay mind that the substitution of 
manganese metal might be technically possible and even advantageous. The 
manganese in ferro added to open-hearth steel in the furnace or the ladle 
deoxidizes iron oxide, prevents oxidation of iron and carbon, and removes 
sulfur and other impurities from the steel. These results are obtained 


Wartman, F. S., Potter, G. M., and Schmid, M. D., Progress Reports - _ 
Metallurgical Division, 18. Studies in the Metallurgy of Copper Distriz 


tion of Manganese Between Matte and Slag in the Smelting of Copper: 
Bureau of Mines Rept. of Investigations 3340, 1937, ». 9 
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because manganese has a greater affinity than iron for oxygen and sulfur. 
Varying percentages of carbon in the ferro are desired for making different 
grades of steel, but the iron in ferro appears to have no part in the steel-. 
making process. It is present as an essential ingredient in the product of 
ferro manufacture in the blast furnace, where it reduces volatilization loss 
of manganese. Doubtless ferro of any desired composition. could be made by 
the simple expedient of melting mangancse metal and iron in suitable pro- — 
portions and adding carbon to the melt. | 


Although the nocessity may be remote, the technical feasibility of 
utilizing clectrolytic manganese in this manner should be investigated, 
bearing in mind the possibility that the metal eventually may be produced 
from low-grade ores, of which there is an abundance in the United States, at 
a cost of 6 to 8 cents a pound and thus might provide a considerable supply 
in an emergency that would justify the relatively high cost. 


From a ourely technical standpoint, disregarding the cost factor, it 
appears that substitution of pure manganese metal for ferro in the open- 
hearth process of steel manufacture might disturb operating procedure less 
than the employment of ferro or spiegel of lower grade than tlas to which 
the furnace men are accustomed. There is little evidence that nodification 
of furnace practices to meet exigencies of supply during the Woild War caused 
any serious dislocation of the steel industry. 


Experimentation with Leadville ores by the Metallurgical Division of the 
Bureau of Mines is continuing. 


Cost and Time Required to Prepare Mines for Production 


Mines in the Carbonate Hill, Fryer Hill, and Downtown areas that have 
produced the bulk of the manganese ores were virtually asandoned about the 
end of 1930, when low metal prices and the high cost of pumping large volumes 
of water combined to make operations unprofitable. In the intervening vears 
old workinzs in the heavy ground characteristic of the district have caved 
rather gencrally and are inaccessiole. Mcasurements in the shafts have shown 
that the water has risen to within 161 feet of the surface at the Penrose, 
236 feet at the Daly on Fryer Hill, and 466 feet at the Greenback and remains 
virtually stationary at those levels. The water level in the Downtown 
section appears to be controlled by elevation of the collar of the A. V. and 
other shafts in lower California Gulch, from wnaich water is overflowing, 
and in the other areas hy intervening underground barriers that divide them 
into scparate hydrostatic basins. At the time these measurements were 
taken, water in the Penrose stood at 10,132 feet, in the Greenback at 10,165 
feet, and in the Daly at 10,220 feet. 


The lower limit of oxidation ranges in different sections from 100 to 
several hundred feet below the present ground-water level which, in turn, 
may be from zero to 450 feet or more below the surface of the ground. 
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Loughlin estimates the average depth of oxidation for the district as 
525 fect below tho ground surface, ey eonene #P0u 75 to 940 feet and roughly 
conforming to the bedrock contour.18/ The ground-water level averages 
around 300 foet below the ground surface; henco, it may be assumed that 
half or more of the old carbonate stopos and remants of oxide ore bodics 
are now under wator and can be reached only by pumping or drainage. In the 
Downtown area where the glacial drift and lake beds reach a depth of more 
than 300 feet, virtually all productive horizons arc under water. In the 
Fryer Hill arca some of the oxide bodies are above the ground-water level, 
and experience in the Chrysolite group, from which 30,000 tons of 16- to 20- 
percent manganese ore was shipped from 1936 to 1939, shows that extensive 
bodies of ore can be reached with a moderate amount of pumping. In the 
Carbonate Hill area a large part of the oxide zone is above water, and in 
Iron Hill virtually all major produetive horizons are drained by the Yak 
Tunnel. It is possible that some mines on the south slope of Rock Hill that 
have produced a good deal of manganese ore are drained down to approximately 
the Yak Tunnel level through a tunnel from lowa Gulch, 


(a) Disposal of water by pumping 


During 1915 and 1916 the Downtown mines were unwatered through the 
Penrose shaft. Water was pumped at the rete of 2,000 to 2,/00 gallons per 
minute for more than a year before the lower levela were drained and station 
pumps could be installed on the bottom level handle the inflow. Equip- 
ment was reported to have cost avout $55,000, and the pumping operations 
probably cost well over $100,000. After the mines were drained the inflow 
was said to be adout 1500 gallons per minute. On this basis it would cost 
around $200,000 to unwater the Downtown area and in the neighborhood of 
$60,000 a year to keep it drained. 


The Leadville unit of the United States Smelting, Refining & Mining 
Co. unwatered East Fryer Hill mines in 1915 through the Harvard shaft. 
Pumping at the rate of about 1000 gallons per minute unwatering was com- 
pleted in about a year. Thereafter, the inflow was found to be 500 to 
600 gallons per minute. No data have been found to indicate how large an 
area was drained by this operation except that mines on Carbonate Hill were 
not affectod to any extent. Tho cost, including eouipment, of unwatcring 
this area would be about $80,000 and pumping thereafter would cost close 
to $25,000 per yoar. 


The Leadville Deep Mines Co., a consolidation of the interests of 
Western Mining Co., Empire Zinc Co., Iron-Silver Mining Co., Adams Mining 
Co. and others in the Carbonate Hill-Granam Park area, started pumping in 

he Greenback and Pyrenees shafts in late September 1923. Unwatering was 
completed approximately 665 days later, in July 1925. I+ was reported that 
6,000,000,000 gallons were pumped during this period and that the inflow 
was found to be 1 ,400 gallons per minute.20/ If these figures are correct, 
unwatering must have cost $500,000 to $600,000 and pumping thereafter 
close to $60,000 a year. 


18) Work cited in footnote 3 .D- 248, 

19/ Hoskin, A. J., Unwatering projects at Leadville: Eng. and Min. Jour., 
vol. 103, 1917, po. 4g3-l87. 

20/ Henderson, Chas. W., Gold, Silver, Copper, Lead, and Zine in Colorado: 
nace of Mines Mineral Resources of the United States, 1926, part I, 
Pp. . 
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The foregoing data are based on popular reports in the technical press 
and statements in "Mineral Resources" and probably revresent an approxima- 
tion of the truth. At eny rate they serve to provide a rough measure of 
the cost of unwatcring the principal areas in which reserves of manganeso 
might be found and the time recuircd. These data are summarized below. 


Subsequent pumping 


Area Time, Cost Inflow, Annual 
Months o.D.M. Cost 

Downtown. .ceeveeces 15-18 | § 1500 560,000 . 
Fryer Hill....... es 12=15 600 25 ,000 


ae | | 1400 60,000 
Total....... . $220 000°| 3500 | $145,000 


Repair of underground workings and mining of ore would, of course, pro- 
ceed simultancously with the pumping, beginning above the ground-water level 
and following the receding water downward. All classes of ore would be 
mined if metal prices offered profitable markets and would contribute to 
orfset the cost of pumping. 


(b) Disposal of water by drainage tunnel 


A deep-level drainage tunnel has been projected to tap the Downtown, 
Fryer Hill, Carbonate Hill, and Iron Hill areas at a depth approximately 860 
feet below the Yak Tunnel and well below prospectively productive horizons, 
excopt in a few places where the dip brings productive formations to greater 
depths e 


The portal of the tunnel would be near the mouth of Thompson Gulch at 
an elevation of 9,400 feet. It would be driven in a northeasterly direction, 
on a grade of 10 feet per mile, 27,350 feet to the Penrose shaft; tnen 4,000 
feet to the Greenback shaft and 4,300 feet beyond to the Cord winze below 
the Yak Tunnel. A lateral 3,600 feet in length from the Penrose shaft 
would reach the Daly shaft on Fryer Hill. 


Distances from the portal and the depth of the projected tunnel at 
various points on a grade of 10 feet per mile would be as follows: 


Distance from Elevation Tunnel depth 


Feet |Miles Surface |Water [bottom | Tunnel surface | water 
Portal.... +O ©) 
ae See 620 
Greenback 
shaft.... 706 
Cord winzeJ34 650 . 863 
Daly shaft 130,950 761 
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Although information regarding the depths of shafts is uncertain, these 
figures are believed to be approximately correct. The tunnel would cut the 
Penrose shaft about 50 feet adove the bottom and the Greenback about 185 fect 
up the shaft. It would be around 260 feet below the Cord winze and 680 fect 
below the bottom of the Daly shaft. 


With respnect to the formations the tunnel would pass through, Loughlin 
reports as follows: 


The driving of the tunnel will encountor no serious difficul- 
tics. The first three miles or more of the tunnel would be in un- 
consolidated material, The next two as far as the Ponrose shaft 
in the Dovmtown arca, would be mainly in limestone in which no 
notcworthy faults or other obstacles are anticipated. Beyond the 
Penrose shaft both the branch to Frycr Eill and that to Carbonate 
Hill would cross ono major and several minor faults and pass 
into granite. The cxtension from Carbonate Hill to Iron Hill will 
be mostly in granite but for a considoradle distance in quartzite 
and limestono. It will cross two other major fault zones which 
will incroase the cost of driving and mintcnance but will present 
no great physical difficultics, as tunnels and othor workings have 
been successfully maintained in them for years. 


Proponents of the tunnel estimate its cost at $60 a foot, which would 
total $2,295,000 for the 38,250 feet immediately projected. The probable 
cost is spoken of locally in round numbers as 2=1/2 million dollars. Two 
intermediate shafts are planned in the 5-mile section from the portal to 
Penrose shaft. No definite information is available regarding the projected 
shafts, but inspection of the approximate course of the tunnel on contour 
maps of the district suggests that one might be located in Iowa Gulch at an 
elevation around 9600 feet and the other in the vicinity of Georgia Gulch 
at an elevation of about 10,100 fect. One would thon be about 200 fect 
dcep and the other about 700. Both probably would be all or nearly all in 
gravel or "lake beds". However, many shafts have deen put down through 
these beds in the Downtown areca, apparently without too great difficulty. 


If no unexpected obstacles are found, the tunnel might be completed to 
the Penrose shaft in 18 months, including the time required to assemble and 
install equipment. This estimate is based upon the supposition that with 
modern equipment an average of 500 feet advance per month per heading could 
be maintained. The portal heading should do better than that, but progress 
in the shaft headings would be influenced by the amount of water to be 
handled. Another 8 months would be required to reach the Greenback and Daly 
shafts and 8 or 9 months to drive from the Greenback to the Cord winzo. : 
After the Penrose shaft has beon tanpec, the flow of wator would be so great, 
if the mines are to bo drained quickly, that tunnel operations doubtless 
would have to be suspended for scovoral months. 


eCl/ Work cited in footnote 1b. 
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The tunnel project epocars to be a long-time proposition that has no 


. bearing on the possibility of suvplying an early necd for manganese ore. 
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(c) Tonnage and grade of ore that might be produced at various prices 


Ore averaging about 17 percent mansanese ani 22 percent iron was shipped 
to the Colorado Fucl & Iron at Pucblo in 19%6, 1947, and 1939 from the 
Chrysolite properties. Output was 50 tons a d-y eat times and was limited by 
the requirements of the stoel plant rether than the capncity of the mines, 
The price paid in 1939, f.2.b. mines, netted between $6 and $7 a ton. The 
reacon given for closing tue mine and pulling tho pumps on April 1, 1940, 
was that the stcel plant had cut reccipts to 300 tons a month, which was not 


enough to pay for the opcravion. 


—_— woe 


— —_—, 


Tt is believed that if there ware an assured market for 100 tons a day 
of 16- to 20-porcent ora at a price of UO to C conts a unit, f.o.bd. mines, 
that amount would be forthcoming within 2 or 3 months. It is doubtful whether 
mich more than 3,000 tons a month could be produced consistcntly for any 
extended time unless the price and vrospects for continued demand wore suf- 
ficiently attractive to justify large-scale unwatecring projects that would 
drain the Downtown, Fryor Will, ané¢ Cerocenats Fill nines and the expenditure 
of large sums in reopening old workings. Tho mximm output of 104,115 


-tons in 1917 dovbtless would heve becn oxereded in 1918 if the war had 


continued and could have becn maintained fcr several years. However, at 


that timo the mines were onen cnd opcrating, producirg 411 clesses of ore 

of which manganese wis 2 minor part, broth in tonnage and vs.luc, and conse~= 
quently had to bear only a small pronertion of thc cost of pumping and 
maintaining mine workings. Today, the mines are flooded and caved, and the 
cost of reopening thom would constitute an excessive charge against the ore 
that might be expected tc bo recovered. Honeo, it is believcd that under 
any condition of demand likcly to ariso, production vould be limited to such 
ore as lies above tho water cr could be reached with a moderate amount of 
pumping. Such evidence as is availablo indicntes that most of the ore thus 
recoverable would be in tha range of 16 to 25 percent Mr. A good dcal of 30= 
to 40—percont ore was shipped from 1917 to 1920 at delivered prices around $1 
a unit that netted $20 to $50 = ton at the mines, but, for the most part, 
reserves of this gradc are bolieved to be economically inaccessible at this 
time. Operators who engaged in this business for a numbor of years state 
thet shipments could be resumed but that prices would have to be highor than 
provailed during tho World War, 


The conclusion is inescapable that no price likely to be offered would 
raise production much above the 100 tors or so a day that right be expected 


at $8 to $10 per ton not. This tonanzse would be adequate to supply tho 
necds for ore of this grade of local tleast furnaces running at full capacity. 
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